Introduction

T
here is only a brief mention in the USP of vibration requirements,consisting of the statement,"No part of the assembly,including the environment in which the assembly is placed,contributes significant motion,agitation, or vibration beyond that due to the smoothly rotating stirring element."Vibration is a complicated concept that can result in the addition of energy to a system. The addition of energy from an external source can alter the results of a dissolution evaluation. Such an alteration is an unacceptable source of error that must be minimized. It can be minimized by eliminating all external sources so that only the tester machinery is left as a potential vibration source that is external to the drug delivery system under evaluation.
Vibration is defined as "a periodic motion of particles of an elastic body or medium in alternately opposite directions from the position of equilibrium when that equilibrium has been disturbed." The energy (vibration) causing this movement is an interrelated function involving acceleration, velocity,displacement,and frequency (which can occur in three dimensions and can be designated z,x,and y). For the purpose of discussion,a frame of reference must be established. Using the vessel plate as a starting point,the x-axis will begin at the front left edge and go toward the back of the plate. This leaves the left-to-right vector as the y-axis and the up-and-down vector as the z-axis ( Figure 1) .
As a measure of vibration,displacement is often reported, since it is this relative motion that can be sensed by placing a hand on the tester. This is a measure of the up-and-down (in the z axis) motion of the item of interest,in this instance,a dissolution tester. How often this up-and-down motion occurs is of equal importance,and this is the frequency. To measure one without the other does not provide sufficient information concerning the overall vibration. Vibrations of the same displacement but with differing frequency would not input the same amount of energy into a system over a given period of time. Frequency can be estimated based on eq 1.
where F is frequency,V is velocity,and D is displacement.
Common vibration meters display displacement in mils (which is an English unit that corresponds to 0.001 inch), velocity in inches/sec,and acceleration in units of gravity (g), which allows easier conversion between metric and common (English unit) values of velocity and displacement.
This study was designed to evaluate the level of existing vibration on dissolution systems and to study and understand the effects of vibration on dissolution results.
Four studies were conducted using two commercially available vibration meters (Balmac 200 and a VanKel Technology Group QAII station). USP Apparatus 2 (paddle) was used as the stirring element in all the studies. All four studies were done on the baths available in our laboratory.
In the first study,vibrations were recorded on the vessel plate of dissolution testers under normal operation and with paddles rotating at 100 rpm in air. Normal operation consists of paddles (at 100 rpm) with six vessels each containing 900 mL of water,with the heater circulator operating at a set water bath temperature of 37.5 °C.
A second vibration study was conducted with a source of vibration placed on the bench close to the dissolution tester, measuring below the PhRMA proposal of 0.2-mil displacement.
A third vibration study was conducted with a source of vibration placed on the bench close to the dissolution tester, measuring close to or greater than the PhRMA proposal of 0.2-mil displacement. Measurements were taken using the two vibration meters,and visual observations of any detectable ripple patterns in the media were made.
The fourth study targeted the impact of vibrations on the performance of Prednisone tablets RS using three representative bath models.
Materials and Methods
Materials
Prednisone tablets RS (10 mg,lot # 00C056) and standard were obtained from USP.
Methods
Vibration measurements
Vibration information was collected using two different vibration meters (Balmac 200 and QAII station). The vibration measurements were made in x,y,and z directions at the center of the vessel plate on three different baths,VK7000 (VanKel-1),VK7025 (VanKel-2),and Distek 2100B (Distek-1). Measurements were taken in triplicate for the following three conditions,and the mean was reported:
Perturbations for slight vibration studies were accomplished by placing the VX2500 multiple vortexer (Speed 5) next to the dissolution bath,facing and touching the dissolution bath. Perturbations for forced vibration studies were accomplished by placing the Vorti-Siv next to the dissolution bath (this equipment did not have speed settings,hence the default settings were used).
Vibration Measurements in Air
Paddles were raised to the highest position above the dissolution plate and were set to rotate at 100 rpm. No dissolution medium was placed in the vessels. Measurements were taken in x,y,and z directions. Table 2 . Vibration measurements in water using VanKel QAII station (n=3). 
Note: Balmac 200 does not display frequency.Hence,the reported values for frequency are the calculated values (based on eq 1) determined from measured displacement and velocity (Tables 3 and 4).
Conditions
Bath
Vibration Measurements in Water
Paddles were lowered into the dissolution vessels containing 900 mL of water and then maintained at 37 °C. The paddles were set to rotate at 100 rpm.
Notes: It was not feasible to take vibration measurements in y and z directions in water on VanKel 7025 (VanKel-2) using Balmac 200 vibration meter due to the design constraints.
Hence,no results were reported for the same (Table 4) .
Vibration measurements with the stirring elements in water involved lowering the drive unit.For some measurements,the vibration meters had to be placed between the drive unit and the vessel plate.Because of this,the paddles were slightly above the 2.5-cm USP specified limit from the bottom of the vessel for VK 7025 (VanKel-2) while taking the measurements.
Evaluation of the Impact of Forced Vibrations on Dissolution
The effect of vibration on the dissolution of Prednisone tablets was evaluated on three representative bath models, VK7000,VK7025,and Distek 2100B. Dissolution of Prednisone tablets was performed according to the USP procedure (50 rpm,USP Apparatus 2,30 minutes,900 mL of deaerated water at 37 °C).
Two sets of dissolution experiments were conducted using the Prednisone tablets RS (n=6),one under existing conditions (normal) and one under forced vibration conditions. Vibration measurements were taken in triplicate during the dissolution run,and the mean was reported. 
Conditions
Results and discussion
Vibration Measurements Using VanKel QAII Station Table 1 displays the vibration measurements taken in air, and Table 2 displays the measurements in water on various dissolution baths using the VanKel QAII station vibration meter.
It is clear from Tables 1 and 2 that the displacement, velocity,acceleration,and frequency values for all the baths were much lower in the presence of water than in air,particularly for measurements under normal conditions.
For measurements with stirring elements in water (Table  2) ,all baths showed comparable values (close to zero) in all directions and under all vibration conditions:normal,slight, and forced.
The effect of slight and forced vibrations was quite significant on the frequency measurements as compared to the displacement,velocity,or acceleration measurements.
As is clear from the displacement values (x,y,and z direction) taken with stirring elements in water (Table 2) 0.004 n/a n/a 39.193 n/a n/a 0.006 n/a n/a 0.111 n/a n/a Slight Vibration 0.017 n/a n/a 24.187 n/a n/a 0.043 n/a n/a 0.785 n/a n/a Forced Vibration 0.018 n/a n/a 50.586 n/a n/a 0.022 n/a n/a 0.201 n/a n/a Table 4 . Displacement and Frequency") for this bath under this condition confirmed the results. Table 3 displays the vibration measurements taken in air, and Table 4 displays the measurements in water on various dissolution baths using the Balmac 200 vibration meter.
Vibration measurements in water using Balmac 200 (n=3).
Note: It was not feasible to take vibration measurements in y and z directions in water on VanKel 7025 (VanKel-2) and Distek 2100B (Distek-1) using Balmac 200 vibration meter due to the design constraints. Hence, no results have been reported for the same in
Vibration Measurements Using Balmac 200
It is clear from Tables 3 and 4 that the displacement, frequency,acceleration,and velocity measurement values in air and water were not significantly different for all the baths.
All measurements values (displacement,velocity,acceleration,and frequency) for forced vibration measurements on the VK 7000 bath (Table 3) indicate that this bath model was most impacted by the forced vibrations in air. No such conclusion could be made for other baths due to insufficient measurements in water.
Comparison of Balmac 200 and VanKel QAII Station in Terms of Displacement
It is clear from Tables 1-4 that all vibration measurements made using the Balmac 200 were much higher than those measured with the QAII station,particularly under normal conditions. For the forced vibration conditions,the frequency values for the two vibration meters were not significantly different. The reason for the high vibration measurements for the Balmac 200 could be because of the high background noise associated with this vibration meter which led to large fluctuations and higher readings than for the VanKel QAII station. The handling of the Balmac 200 meter was more critical than for the QAII station. Figure 2 is the graphical comparison of displacement values obtained in air and water using the two vibration meters on one of the baths,Distek 2100B (Distek-1). It is clear from the data that for both meters,there was an increase in the displacement values with an increase in vibration intensity (from external sources) in all directions (x,y,and z). This was true for both air and water.
It is also evident from the graph that QAII station was more sensitive (better correlation between forced vibration and changes in displacement measurements) in the z direction,whereas Balmac 200 was more sensitive in the x direction for displacement-value measurements. Figure 3 is a graphical display of the comparison of displacement values in three bath models,Distek 2100B,VK 7000,and VK 7025 measured using VanKel QAII Station in water during the forced vibration study. It is evident from the graph that under conditions of forced vibrations,VK 7025 was most impacted in all directions as compared with the other bath models. Distek 2100 B showed minimum displacement values in the y direction. X-direction values were comparable for VK 7000 (VanKel-2) and Distek 2100B bath models under the same conditions.
Vessel
Relationship between Displacement and Frequency
Measurements on VK 7000 using VanKel QAII station show the existence of an inverse relationship between the displacement and frequency. It is evident from the graph in Figure 4 that forced vibrations,both in air and water,showed maximum displacement values but minimum frequency values. Similarly,for measurements under normal conditions,the displacement values were minimal in air and water,but the frequency values were at the maximum, confirming the existence of this inverse relationship.
Frequency is a measure of how often the displacement occurs. Vibrations of the same displacement,but with differing frequency,will input different amounts of energy into the system during a given period. Measurement of displacement without frequency does not provide sufficient information about the overall vibration. Table 5a contains the dissolution data obtained on Prednisone tablets under normal conditions and in presence of forced vibrations on the VanKel VK 7000 dissolution bath. Table 5b shows the mean of the triplicate vibration measurements taken using the two vibration meters during the actual run.
Dissolution Data on VanKel Dissolution Bath Model VK 7000
It is clear from Table 5a that in presence of forced vibrations (≥ 0.2 mil of displacement),all of the tablets failed to meet the USP limits (27-48% of Prednisone dissolved in 30 min). All tablets showed a significant increase in the percentage of Prednisone dissolved as compared with the USP limit. Table 6a shows the Prednisone tablets RS dissolution data under normal conditions and in the presence of forced vibrations on VK 7025. The mean of the triplicate vibration measurements taken using the two vibration meters during the actual run is found in Table 6b .
Dissolution Data on VanKel Dissolution Bath Model VK 7025
It is clear from Table 6a that in presence of forced vibrations (≥ 0.2 mil of displacement),all tablets were within the USP limits (27-48% of Prednisone dissolved in 30 minutes). Table 7a contains the dissolution data on Prednisone tablets under normal conditions and in the presence of forced vibrations on Distek 2100B. The mean of the triplicate vibration measurements taken using the two vibration meters during the actual run is found in Table 7b .
Vibra
Dissolution Data on Distek Dissolution Bath Model 2100B
It is clear from Table 7a that in presence of forced vibrations (≥ 0.2 mil of displacement),only two tablets were within the USP limits (27-48% of Prednisone dissolved in 30 min). Figure 5 is a graphical comparison of the performance of Prednisone tablets under normal conditions and in the presence of forced vibrations in three representative bath models. It is clear from the graph that the forced vibrations had the least effect on the VK7025 dissolution bath. This could also be the reason that all the Prednisone tablets RS passed on this dissolution system even in the presence of forced vibrations. Figure 6 shows the relationship between the percentage of Prednisone dissolved and displacement (measured in x direction using QAII) in 3 bath models under conditions of forced vibration. It is clear from the graph that the percentage of Prednisone did not change significantly even in presence of forced vibrations on VK 7025 bath model.
Relationship between Percentage Release of Prednisone and Displacement under Conditions of Forced Vibration
It is evident from Tables 5a, 6a, and 7a that forced vibrations caused both the percent release of Prednisone and the variability to shift towards higher values. For VK 7000, a 42% increase in the mean (from 34% to 76%) was observed with more than tripling of the SD (2.7 to 9.9). For VK7025, a 9% shift in the mean (31% to 40%) and an almost tripling of the SD (0.8 to 2.1) were observed. For Distek 2100B, a 24% shift in the mean (34% to 58%) and more than tripling of SD (3.2 to 12) were observed. It is important to note that many of the perturbed-condition experimental data produced out-of-range results. Interestingly, the statistics also point to a similar change and, in this case, more consistently.
Conclusion
The two vibration meters,Vankel QAII and the Balmac 200, gave different responses. It is evident from the data on vibration measurements that Balmac 200 is more sensitive (larger fluctuations) than the Vankel QAII vibration meter. This may be because the meter has higher background noise,which leads to large signal fluctuations in the measurements. A proposed 0.1-mil displacement tolerance limit seems to be achievable with the VanKel QAII meter but not with the Balmac 200 meter. The design of the sensors could be one of the causes of the directional sensitivity to vibration.
From the vibration information collected,there does not seem to be trend between the displacement values and the direction of measurement (x,y,and z orientation of the vibration meters). However,in most cases for both vibration meters,the displacement values in the z direction were higher than those in the x and y directions. In addition,in most cases,vibration measurements in water were lower than in air. Based on the data,displacement should be measured in a consistent direction with a specified vibration meter that has been proven to meet the specific tolerance under normal conditions. The best way to mimic the vibration during a true dissolution run would be to measure the vibration while the vessels are filled with water.
Two vibration sources causing the same displacement but at different frequencies will input different amounts of energy to the system. This can have variable effect on the dissolution rate. Hence,simultaneous measurement of both frequency and displacement will better allow us to understand the overall vibration effects.
In the Prednisone study,forced vibrations (≥ 0.2-mil displacement) resulted in a higher percentage of Prednisone dissolved in 30 min. However,all tablets met the USP limits on Prednisone tablets RS on the VK 7025 bath model. This could be related to the design of this dissolution bath or be simply a function of this particular bath and its placement within the laboratory.
